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LUTRODUCTION | a 


T..is paper describing the mining practices at the Cold Springs wine of the 
wolf Tongue lhijtuing Co. at Nederland, Colo., is one of a series of similzr pavers 
orevared by the Fureau of Ihines on mining practices, methods, and costs at 
various mines in the United States. 


Tue vriter acimowledges the assistance of william Leach and Willian T. 
Todd, manager aid mine superintendent o1 the Wolf Tongue Mining Co., 
peshecyevelys in the preparation of this Rapens : 


GaNERAL 


Tie Cold Biers mine of tne wolf Tonsie Wining Co. is ; aise: east of. | 
wederland, Colo., at an elevation of about 8,500 feet, Although tne winters 
are sometimes severe, operations can be continued turougn tue entire year: 
without difficulty. The rine igs in the central part of the Boulder County 
tunzsten district, which comprises an area roughly l2.miles long and 3 niles 
wide. iederland lies.17 miles southwest of Boulder; it is accessible from 
the latter place by stage over en excellent automobile road up Middle Bovlder 
Canyon. s5oulder is the most convenient railroad shinping point, and all inin- 
1ne oe cacy timber are eure ta the mine secure oune ee by anrtouwobile 


Tue relief of the district rh miei Good ait aeaal, Hives is 
fairly abundant on the surrounding skoves.: hound timber for use in the wine | 
is sat cut on a a a te land, 


miéeeteie pover for jonas oe he a to Public. Service Co. Or. 
Colorado under a schedule whicn varies according to the demand. . The iydro- 
electric plent of the Public Service Co. is on middle Boulder Creek avout 
halfway between Nederland and Boulder, 


1 The Bureau of Mines will velcome reprinting of this paper, provided the 
following footnote acknovledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6673." 

2 associate mining engineer, JU. S. Bureau of mines, 
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At the Cold Sprinj:s mine the feroerite ore is extracted by the cut-e.id- 
fill system of stoping. «A nigh-grede product is maintained by selective xin- 
ing, hand sorting,, and cobbing. Overevions are conducted on a small scule ty 
en averaxe of about 15 men. 


HISTORY 


In 1¢70, Sam P. Congor, in prospecting over the hills of Boulder Count; 
Giscovered a Leavy dark mineral which occurred as "float." The true ueture of 
the mineral ves unimown to Congor end otuers and was celled "nematite," "black 
iron," and "barren silver." The izineral wes not imovm to be of comnercial in- 
portance until many years later wnen i. H. wanamaker, a partner of von-s,or's, 
returned frou a prospecting trin in the Dragcon Mountains of arizona wiiere a 
Similar weterial was found and determined to be an ore of tunzsten. ieceving 
tre matter secret, Conor in 1£00 secucca a lease on @ voroverty nov imowr is 
the Conjor mines wnich at that time vas ela under agricultiral right. £, tue 
end of 1800 Cunz:or haa taken out about 40 tons of high-jreae ore. from 1:50 
until 1915 mining of tungsten ores was carried on spasmogically, alt.iou, :i: 
interest in the district was kept alive and considerable surface vrosvecting 
Gone by trenciues, adits, and shellow snoatts. 


Because of the abnormal dewanda for tungsten as an ingredient for higz- 
eveed tool stesl during the World wer, tne price of tungsten rose to fantastic 
fisures and the town of Nederland became the center for & "boom.", From e@ tom 
of fev innabitants it «rev to a population of betreen 4,000 and 5,000, and 
Boulder Count; became one of tue foreuost tungsten-prodiucing aistricts of tie 
world. During this bocm period a number of mines in the vicinity of Nederland 
ettained cepths ranging from 200 to 500 rYeet end prodvced consideraole «mounts 
of ore. ‘the greatest deoth attained in underground mining operations was 
1,150 feet in the Congor mine. ‘where the natural topography permitted, es in 
boulder Canyon, the mines vere worked through adits. Some of the lar,er wines 
had pover evailable for compressin,; air for drilling but most of the ore was 
mined by nand drilling. In some cuses lessees worked from the outcrops ce 
open-cut metiods. Considerable rlacer tungsten was also produced. 


after tie war period @ recession in the price of tingsten conceutrutes 
forced ali tue mines to close down. The ensctment of the tariff of 192.2 re- 
vived activity to a smzll extent several years later, Of the numerous tm. stez 
mines that were active curing the boom period the Wolf Tongue Mining Co, ias 
stow the longest veriod of continuous oroduction in subsequent years. 


Tie Wolf Toneue Kining Co. has been operating in the Boulder district 
since 1904. Tne company is coutrolled by the Firth Sterling Co. of 
pittsbursh, Pe. 


to 
| 
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GEOLOGICAL FaCTORS INFLUENCING MINING 


The_ geology of the Boulder district has been described by George and 
Crawford’ and by Less and Schaller, 


Ferberite (the tungst:te of iron, Feii0, ) is tue only tungsten ore of 
economic importance in the Bowlder district, which is unique in that it con- 
tains the largest known deposits of ferberite in the world. 


In the Cold Springs mine the ferberite is in lenses along vein fissures. 
The lenses vary in length from > few feet to a maximm of 200 feet, measured 
along the strike. The average len:th is about 80 feet. The width of the ore 
veries from a fraction of an inch to a maximum of 6 feet. The averaze vidth 
_ mined is from & to 10 inches. about 3 inches is the least width of ore that 
- can be mined economically, at a price of $12 to $13 per unit of WOz. In the 
narrow portions of the lerses the ore consists of high-grade ferbefite inti- 
mately e:sociated with fine-.rained quartz, which is the principal gangue 
mineral in all the ferberite ores, In the wider portions of the ore lenses 
a common occurrence of the ore is as a series of stringers with alternate lay- 
ers of barren country rock between the stringers. The country rock is pre- 
dominantly granite which frequently is gneissoid in character. Very little re- 
placement of the wall rock is evident along the ore shoots, and in gereral the 
walls of tke ore lenses or stringers are sharply defined. 


The average dip of the veins is about 70°, Locally sudden chan,zes in dips 
are apt to occur. The width and mineralization of the lenses is generally wore 
persistent along the dip than alone tne strike, 


A pectliar characteristic of the ferberite ore in places is the brecciated 
‘ condition of the vein filling. The brecciated mixture of small fragnents of 
country rock and ferberite resembles peanut candy, so that this type of ore is 
popularly called "peanut" ore, Where the ferberite and quartz are intimately 
mixed in a cryptocrystalline aggregate, the ores are locally called "iornstone,." 


The walls of the veins are generally traversed b; a series of intersecting 
planes of weakness, so thet sloughing of the wall rock is liable to occur if 
openings of more than 6 feet are made along the dip. Openings of less than 6 
feet usually have sufficient strength to sunport theuselves without a ~reat 
amount of sloughing during the short time tney are exposed while mining is in 
progress, oe | , | 


The veins on the Cold Springs property are generally covered with a mantle 
of surface wash to an average deptn of about 6 feet, although in several places 
the veins outcrop. 7 | | 


3 George, R. D., and Crawfcrd, R. D., The Main Tungsten Area of Boulder, 
Colorado: Colo. Geol. Survey, lst rept., 1908. 

& Hess, Frank L., and Schaller, iialdemar T., Colorado Ferberite and tne 
Wolfremite Series; U. S. Geol. Survey Eull. 583, 1914, pp. 7-19. 
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Tic vein filling in the ore lenses is invariably of good grede, and the 
country rock in close proximity to the veins is practically berren cf ferver- 
ite. Txese factors, in conjunction with the relatively high value of the 
clean ferverite and the ease vith waics ore and vaste are distinguished by 
visual inspection, affords an excellent opportunity for hand sorting and 
selective mining, both of which prsctices are in use at tie Cold Springs mine. 


The ores are.fairly soft, so that a lens exposed on one side along tie 
strike can te easily removed by nmoil end wand hammer, a &@ minimum of 
Taste aduisture with the ore. 


~ PROSPECTING 


In the early days prospecting in the district was done by tracin: float 
ferberite to its source, by digzing shallow test pits or trenches, by sinking 
shallov sunfts on tue veins, or oy driving adits to intersect tie veins at 
depth. lie veins tere prospected underground by drifting on them until an 
ore sioot wes discovered. Occasional crosscuts into the walls were driven 
in search of verallel veins. Due to the erratic distribution of the ore 
shoots alon:' the veins and the variable horizons on which the ore shoots 
occur, extensive’ prospecting from short level intervals is necessary. In 
- general the granite is more favorable for the finding of ore than the otxer 
rocks of the Cistrict. Changes in direction of the vein either alonz the 
strike or the dip are usually accompanied by changes in the character of the 
mineralization. Véin intersections ere eOnesceree favorable loci for tiie 
‘finding of ore snoots. : 

"Diamond" drilling is employed at the Cold Springs wine in order to re- 
duce tne expense of prospecting with the usual lateral underground wor'zings. 
Instead of the regulation diamond bit rith the standard equipment, the bits 
have been made-with firthite as the cutting agent. Firthite is an extremely 
hard compound consisting of tungsten carbide cemented trith cobalt under a 
very hizh temperature. In using the firthite bit the firthite is set direct- 
ly in tke end of core barrels, using Tobin bronze 1/8 inch thick, Te firth- 
ite "diamonds" are brazed into tre core barrel by an acetylene welding :nachine. 
In setting the firthite care must be exercised in brazing,:as excessive heat- 
ing would destroy its effectiveness. « complete firtnite bit can be made up 
for a cost of about $75. Like diamonds the firthite can be reused: a single 
bit.can be used over and over asain by resetting the firtnite. In 1931 the 
total footage drilled with the firthite bits at the Cold Springs mine was — 
1932 feet, at an average cost of $2.16 per foot. Indications are tliat tiis 
- cost will be reduced to abo-t $1.50 per foot in 1932 by a superior yrade of 
firtnite and a better understanding of its use, In'193l1 the maximom footage 
drilled with a single bit without resetting the firthite vas 18 feet. Tie 
average depth of the holes drilled was 75 feet. Core recovery has averaged ~ 
about 80 ver cent. 2 | 
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B; setting the firthite directly in the end of the core barrel instead of 
in the standard diamond bit the cutting area is considerably reduced and the 
diameter of tore is proportionately increased. ith the standard diamond-érill 
bit formerly used the outside diameter of tiie diamond bit is 1-7/16 inches and 
tne inside diameter 15/16 inch. sy using the firthite core-barrel bit tae 
diameter of the core is increesed to 1-5/16 incnes. The cutting areas of tue 
diamond anc firthite bits are, respectively, 0.93 and 0.27 square inch, in 
drillin: fissured rock the lower-priced firthite is a better choice tnan the 
diamona because of the ‘dancer of losing the bit. 


_ Prospecting with deep-hole hammer drills vas also tried-at the Cold 
Springs itine, but was found unsuitable for two reasons: (1) When the drill 
encountered ore, the ¢racks apt to be present in the vein would pernit tie 
ferberite, which slimes readily, to escape so that the sludge sample would 
not be rerresentative of the vein material; (2) because of the brittleness of 
the-ferberite in conmarison with the k:rd weste rock, mucn of the feroerite 
would be ground to a fine powder and. carried away in suspension in the drill 
water, and the resi: ting essay would ‘be unreliable. In addition the deep-hole 
Grill gave very little poaornereo a8 to the width or dip of any ore shoot 
encountered. 7 a 


- SAMPLING 


Visual inspection of the working faces is depended upon to control tue 
grade of the ore mined, es the ferberite is dark and readily distinguished 
from the light-colored gengue and country rock. One familiar with the ore can 
estimate the crade vitc sufficient acvuracy for practical purposes, 


Due to the occurrence of the ferberite in isolated snoots of varying 
dimensions no reliable ‘estimates of ore reserves can be made. 


DEVELOPMENT — 


Tne Cola Springs mine is entered by a e-compartment shaft inclined at 
71° that was driven about 40 feet in the footwall of the Cold Sprin:s vein, 
the major vein of the mine. The shaft is 500 feet deep as measured on tiie 
incline, and the first three levels, driven by lessees, have been establisued 
at intervals of 50 feet. The remaining three levels have been driven at 
intervals of 100 feet, as measured along the incline. 


The main shaft is timbered with 8 by 8 inch timber sets placed on 5-foot 
centers, The details of the shaft timbering. are shown in. Figure 1. The skip- 
way compartment and the manway and pipe compartment are both. 4 feet 8 incies 
by 5 feet in the clear. “The ground through which the shaft is driven is solid, 
80 that no lagging is: required except near the surface. | 
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Lateral workings total abovt 5 miles. Drifts and crosscuts are driven 
5 by 7 feet in cross section. The sround varies ‘so mucu in. chatacter taat 
notning erproaciing a stendurd round canbe employed in drilling. Drilis | 
of tne Leyner type mounted on columns ‘are used with l- inch hexagonal nollor 
steel and tke standard 14° and 5° tapered panes. 


all breaking is done ‘with 1-1/8 by 8 inch seta of 40 per ‘cent ‘strene ti 
gelatin dynamite. — No. & detonators attached to triple-taped | fuse are used. | 


Raises are built either with one or tro compartments, each 3% by # feet 
in section. In the 2-compartment raises, one compertment is used as @ iwanway 
and seneral service compartient whtle the other is used: @s an ore pass. The 
single Compentnent raises are used solely as ore PABEES. 


All raises are cribbed with round pine timber varying from 4 to 8 inci.es 
in dianeter and ‘cut in two lengths of 8 feet 6 inches and 4 feet 6 incites; — 
The details cf timbering a 2-comoartment cribbed raise are shown in Figure 2. 
A devarture from the usual pracy ice of placing dividers in a 2-compartment 
raise is employed at the Cold Springs mine (fig. 2). With an axe tue ends 
of the dividers of round timber 34 feet long ‘are made wedge-shaped, to a 
thickness of about 24 inches, The dividers are held in position ‘between 7- 
foot lengztus of quarter-round lagging nailed to the cribbing. «aA divider is 
placed oy itssrting one end at an angle in the slct formed by the quarter- 
round lagging and drepping the other end into the slot on the opposite side, 


Very little time is required to place the cribbing or dividers, as there 
is no framing or fitting to be done underground, Single-compartment raises 
are brilt of the 45 foot lengths of cribbing. 


To »rovide a beering in placing the round timbers, the ends of the 
cribbin; ere framed on one side-with a dap 1 inch deep and 6 incues lon:, 
To prevent breaking the top cribbing in stope blasting, short round blocks 
are teuporarily placed between the cpenings of two consecutive tinvers. 


Raises’ are built up through the waste filling as the stopes advance. i0 
raises are driven through to the level above. in advance of stoping operations 
for exploration or developsient, so tuet blasting solely ‘for the raises is not 
practiced at the Cold Springs mine, 


 STOPING 


vat ‘the Cole: Springs mine ell the ore mined is ex stracted by the horizontel 
cut-and-fill system in which the: filling operation is carried on contemporaneo: 
ly with the ore breaizing. The factors wich give this method preference over 
other methods such as open stoping or shrinka:e are: (1) The occurrence of 
the ferberite in narrow, rich veins so that considerable waste must be broken 
to provice working space; (2) the ralls are generally weak and require arti- 
ficial sepport, which can be cheavly provided by the waste from selective 
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mining and hand sorting in the stopes; (3) in milling, the higher-srade 
ferberite ores are at a premium, so that it is desirable to obtain as nish 
grade a mine product as is consistent with economy; (4) the ferberite is 
easily recognized and fine breaking is not required to separate ore from 
waste; (5) by adequate supervision the cut-and-fill method alloys practically 
complete extraction of the ore. 


At the Cold Svrings mine no attempt is made to produce a large tonnage 
of low-grade material; complete extraction of the ore with minimum waste dilu- 
tion is emphasized rather than the gross tonnage broken, and in this respect 
the practice follows that ordinarily employed by lessees. Tonnage rather then 
grade of ore could not be made tne dominant factor in mining because of the 
erratic distribution of the ore shoots, With rapid mining there would be 
periods where the mill would be idle due to the necessity of prospecting for 
additional orebodies, 


The question of raising the grade of the ore by sorting is vital to the 
economics of mining in'the Boulder district, It means the choice betveen a 
small yield of high-grade material or a much larger tonnage of low-z2rade 
material, an witernative which affects all the operat sone at the surface as 
well as Paes 


After an cr2 shoot = been opened up by drifting, @ cut-and-fill stope 
is started by v3icing a cut from the back of the drift to a height of 5 or 6 
feet.. In tuis work the ore is kept separate from the waste by drilling and 
blasting the waste separate from the ore, or by blasting ore and waste to- 
gether and then separating them by hand sorting. Ore and waste are loaded 
separately into cars by hand shoveling with square-end siovels, and using 
sheet iron for suoveling plats. After the back cut has been taken tne drift 
is stulled with 8 to 12 inch diameter round timbers placed on 5-foot centers 
between cuutes and on 4-foot centers at tlhe chutes and manways. On the foot- 
wall side the stulls are supported by hitches cut into the wall, and on the 
hanging-well side by headboards if the wall is sufficiently firm, or else by 
posts if the hanging wall is weak. ‘Betrieen the chutes the stulis are lagced 
with round timber of 4 to 6 ccs diameter, 


As the average Veneth of the ore shoots is less than 100 feet, access 
to a stope is afforded by a double-compartwent raise at either end. aAddi- 
tional cribbed ore passes are started between the double-compartment raises 
at intervals varying from 25 to 30 feet center to center. The distance be- 
tween cnutes is governed by the most convenient distance for hand shoveling 
the ore and waste into the chutes. The ore is drawn from the ore passes 
througn cuutes equipped wits plank bottonus inclined about 40° and ordinary 
plank gates sliding in cleats. 


376 | ee 


Google 


I.C. 6673, 


The stope is advanced by sutcessive cuts 4 to 6 feet high carried along 
the full lengti: of the ore shoot, Noting. approacning a standard drill round 
is employed in drilling, as the character of the ground and the ore occurrences 
vary considerably.’ In general, two methods of breaking are employed, depending 
onthe mode of occurrence of the ferberite. inere the ferberite is in a sizngle 
band of rich ore, stripping is employed; the waste is carefully blasted first, 
ordinarily on the hanging-vrall side, and allowed to drop into the fill; after 
leveling off. the fill by hend, a sneet-iron shoveling platform is laid’ ‘on, top 
of the fill: ana the exposed ore carefully blasted down with small charges of 
explosive, or if sufficiently loose is taken down with hand moil and hamuer. 
Where the ore and waste are too intimately associated to be removed separately, 
they are broken down together on the sheet-iron enevien she platform and the 
maste is. Eorted, from. the ' ore oy hand. 3 


The anon’ of waete obtained by stripping and hand soutias is more than 
enough to provide the waste fill. The excess waste is shoveled into the 
chutes we peveee ‘from the ore and transported to the surface. 


: all raises are carrisd’ up as the stope is advanced. The cribbed cuutes 
and wanways ere built up to a height of 3 or 4 feet above the level of the fill 
before each. cut is taken along the back of the stope. The raise cribbing is 
not blocked against the solid rock but ig held in place by large pieces of 
waste placed by hand around 411 sides. The waste placed around the sides of 
the cribbing is also éffective in preventing the fine waste fill from enter- 
ing. the clute. If arz7 changes in direction along the dip occur, ‘the cribbing 
timbers are selected 80 that their difference in diameter will preyeee for ' 
change in the inclination of the raise. 


“Supplies | are , vrovght into the stopes by small electric NOLSLE | 


of the total amount’ of material broken in stoping in 1931 about 70 per 
cent was discarded by stripping and hand sorting underground, about 15 ver cent 
was rejected by hand sorting ‘on the surfz ce, and the remaining 15 per cent con- 
stituted the ore that-was sent to the mill, A small:amount of fine ferverite 
is lost in the vaste fill, but with careful svpervision and selected workmen 
who are accustomed to leasing practice on ferberite. over the amount thus lost 
is | negligible. : : | , 


_ ADVArTAGES OF HAD SORTING AD SELECTIVE LrAING i 
‘AT COLD SPRINGS WINE 


Srediine the ore separate from the waste. in the sioner and hand signe 
waste from the ore both in the stopes and on the surface as practiced at the 
Cold Springs mine is advantageous in several ways. It reduces the cost of 
transportation of ore from the mine to the mill, and it increases the mill 
capacity as measured in the number of units of tungstic acid treated. Due 
to tne pronounced cistinction between ore and country rock no difficulty is 
experienced in sorting ore from waste by hand. Virtually no ferberite occurs 
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locked up in the centers of large pieces of waste, so that there is little 
loss from this source. Eand sorting and selective mining are especially 
applicable at the Cold Springs mine because of the occurrence of the ferberite 
in narrow veins rhere considerable wuste has to be mined with the ore to 
vrovide sufficient room for working the stopes. 


It is evident in considering the foregoing factors that the problem of 
mining is not so much one of breaking a large tonnage but of saving tne valu- 
able material. It has been found preferable to take less out of a stove ata 
greater cost per ton removed. The problem of sorting is one wherein the ulti- 
mate aim is the maximum net profit from a given amount of ferberite in a 
deposit, while the variables involved are the cost of freight and millinz, 
mining, sorting, and the value of the rejected waste. The advantages of hand 
sorting ferberite ores at the Cold Sorings mine can best be illustrated by a 
cost analysis of tke problem, The following data ave based on 1931 overations 
and althougn some of the basic data a.3 estimated they are reasonably accurate, 
Ultimate prerits, rather than tke cost per ton of ore hoisted and milled, are 
the basis of calculation, | | | | 


Averaze value 


per _ton 
Run-of-inine ore as broken, containing 0.9 per cent 
of Wo, (WO figured at $12 per unit) ..ccccccccccece $10.80 
Sorted ore containing 5.72 per cent of WO, (tungstic 
acid fisured at Sle per unit) soeoepeteooowoweeeeo eevee eo 88 O 68.64 
waste rejected in sortinz contai-.i.7 0.025. per cent of 
WOz (tungstic acid figured at $12. per. unit) ......6. 30 
assume: 2 = the number of tons from which 1 ton of 
$68.64 ore can be sorted. 
'' Y = the number of tons of waste thrown away 
‘for each ton of $68.64 ore obtained. 
Then 68,64 + 0.30 Y = 10.80 X 
and x Paes da = 1 
10.80 X - 0.30 Y = 68.64 
~0. 30 X + 0.30 ng = -. 40 
10.50 x = 68, 34 
Therefore . Xs 6.51 tons of run-of-mine ore broken for 


every tor. of sorted ore sent to mill, 
Y = 5.51 tons of waste discarded for every 
ton of sorted ore obtained. 
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The cost of sorting ] ten.of $68. 64 ore ‘from the run-of-mine prod ict is 
gli95. 2-3 szpres ssed ‘in enother way’y - -the sorting cost per ton of run-of-mine or 
is ee, or $0. 30. ‘The cost..of mining 1 ton of run-of-mine ore is $2. Bh» 


The cost of transporting ore from the mine to the mill on genteact is oe er 
ton. The milling cost of run-of-mine ore is taken as $2.85 and the cost of 

milling the sorted product is $3.22 per ton.Y% The mill recovery on tne un- 

sorted ore is estiuated at 60 per cent and the recovery on the sorted ore is 
87 Pe cent. 


Tne profit per ton of ore without sorting is shown in the followin.” . 
calculation: an 


Per ton. 
Mill returns $10. 80 x 0. 80 (TreCOVery) wrcccccccccsccccvcee $6.04 
Costs: | | 
“LAMIne «ecceieewenveoeaswee:, Sos oe: 
Tran -7Ortatson: wivcetvecsan: 2.(00-: 
MIL1INE cavostiedasoseeeeue, Les62 
’Motal direct: COSt<.ivcsews 6.19 6.19 


Profit ver ton of run-of-mine ore tee py, ROnVInE weeeve Se45 


The vrofit obtained ty sorting ! is. " shown in the following calculation: 
Fer ton of 
| et sorted ore 
will returds 968.64 x 0.87 (recovery) tikacwieseeeeesas pode re 
Costs: _ , : 
SOPrting jad sseeeshoteteud § 1.95. 
Mining (6.51 tons at’ ta 34 
per ton) Coocenecacegcue | 15,23 
Transoortaticn .cecccsecces 1.00 -; 
WALLLIing cccccceecsceess eden ae 


et 
A 


Total direct cost ..eseese S140 © Oo 21.40 
Profit per ton of sorted ore Senet acqaabneaahadcnemance 38.32 
Equivalent profit on unsorted ore (¢2.45 x 6.51) ....6+6 _. 15.95 


Additional profit obtained by sorting .....-cesesecesece. | ae 


Tuerefore, tne additional profit obtained by sorting a paced on q ton of 
run-of-mine ore is £&-37 or $3.44, and the total profit is 8 Ree or $5.69, 2s 


azainst $2.45 sbestned witnout sorting. ee ee 


_ $$$ $e eee 

o Vanderourg, William 0, lietnods and Costs of Milling Ferberite Ore at tue 
Wolf Tongue Concentrator, Nederleni, Boulder. County, Colo.: U. S. Furea 
of Kiines Information Circular (in preparation). 
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Tae economical limit of sorting - namely, the amount which can be neid 
for sorting before tne vrofit will fall below that wrick is otteined rithout 
sorting - is c-lc.lated as follows, where 


62.45 = profit per ton of run-of-mine ore ‘without sorting 
03.44 = additional profit ty sorting 
0.30 = cost of sorting ver ton of run-of-imine ore (1s 25), 
and A = the maximum auount mnica can be paid for sorting 1 ton of 


run-of-mine ore, 


Tuen 2.45 = 3.44 + 0,30 - X 
n = 1,29, or the economical limit which can be paid for sorting 
1 ton of run-of-nine ore, | 


The Torezgoing anelysis reflects the importance of sorting when dealin: 
with norrov veins, It shovli be mentioned, hovever, that sorting to ve 
effective requires crreful supervision, es ‘it may result in actual loss if 
not oroverly done. 


In tne above cost analysis of sorting it is assumed that the cost of 
mining per ton of run-of-mine ore is the same whetner or not sorting is 
practiced, acisally, novever, if the taste obtainea from sorting vere not 
utilized for s.yoore the cost of mining would be apreciably higher if all 
the run-of-uine metor.ial rere sent to the mill, beceuse of the necessity of 
 2rovidin; supvort for the stoves, = 


UNDERGAC AID TRANSPORTATION #wD HCISTING 


Qre ana weste are transvorted underground in end-dump, plain-benrin:, 
steel cars holding gine 1,200 pouncs eaco. Tre average trammirg; distance 
underground in 1941] + atout 3°90 feet. Track consists of lé-pound rails 
placed on a grade of per cent and @ f~eace of 15 inches. Ties ere of round 
lagging, avout 4 inches in ciemeter, cut into 3-foot lensths, and tri..med 
flat on one side. | 


At the shaft the cars are Giumed over a pivoted pan chute cirectly into 
the skip having. . capacity of about 2,400 pounds. Rails in the skipzay com- 
vartment of the shaft consist . 4 by 6 inch timbers bolted lengthwise to tie 
8 by 8 inch footvwall plates. Upon the 4 by 6 inch timbers 3 by 3 inch angle 
irons are bolted vith countersunk screws to provide the track for the s‘cip 

wheels. 7 _ 


“pecans of the small amount of: nateriel Ronee skip DOGEESE are not 
considered essentiel,. 
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At the surface the ore is dumped fromthe skip over an inclined ber 
grizzly with 1l-inch openings. ‘The'fines pass into a bin and the coarse 
material zoes onto a stationary sorting table. wooden gates control the 
flow of ore from the grizzly onto the sorting table. all pieces of ore 
are sorted from the waste by hand and throwm into the ore bin. Larze vieces 
of combined ore.and waste are cobbed. The waste is shoveled into’ cars and 
hand traumed to the waste dump. Two sorters cah sort and cob about 20 tons 
of pozered naterial pet oo as 


PUMPIKG axD VEN TILATICH 


The amount of water pumped from the mine varies with the seasons from 
65° to 200 gallons per. minute, - Tze water is. Fumes * to the surface by tro 
electric plunger pumps. 


| as the Cold Springs ‘workings are’linked to the surface by a@ number of 
interconnected shafts, the mine is well ventilated by natural means, Dead- 
end stopes are sometimes ventilated artificially with small direct-connected 
fans, The fan pipe for these small ventilating units consists of 8-incn 
galvanized-iron pipe. 
LiASING PRACTICE 
Inthe Bovider district a large part of the ferverite ores have been 
' mined. on a leasing system... At the-Wolf Tongue properties the leasing prectice 
in vocue when tungsten concentrates are marketable is to grant a.lease on a 
block of ground for a period of one year with the usual understanding thet 
it can be reneved as long as desired if the work accomplished is satisfactory. 
The wolf Tongue Co. is under no obligations to purchase the ore produced by 


,Lessees, io leases have peer given in recent years in ae main Cold “BPP tnce 
mine ROR TEes ae 


“qhen the lessee can dispose of the crude ores errors more than $4 
per day can be mude on a streak of ferberite not more than 1 inch-wide. Ina 
mining the narrow seams tie lessee first strips the hanging-wall waste and 
then removes the ore witn a moil and single-jack. Tne ore is caught on a 
canvas sieet. As @ premium is vaid on the higher-grade crude ferberite ores 
the. lessee strives to make at least .two products; one containing from 30 to 
50 per cent of tungstic acid and -the other containing from 10 to 30 ver cent 
of tungstic acid. Ores under 5 per cent of tungstic acid are usually roughly 
concentrated to a higher-grade product by hand jigging. By hand sorting rick 
ore &@ lessee may sometimes make as many as five different products -containin: 
varying percentages of tungstic acid, The royalty paid is 15 per cent on tne 
crude ores delivered at the mill. Se be 3% 


Mining supplies and cost of hauling are paid for by the lessee. 
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The prices paid for different gréfeés of prude ores vary from time to time with 
market conditions. Table 1 gives the bale schedule of prices paid for lease 
ore calculated on a base price of $10; pex short-ton unit? of tungstic acid in 
concentrates. If the prevailing price is jreater than $10 per unit the amount 
paid the lessee is proportionately increased. |For example, if ferberite con- 
centrates are salable at $11.50 per short-ton unit, the price paid for crude 
ores is increased 15 per cone PuONe: meee Btven ‘in the table, 


Due to the high slime ore Sraie ores pontetaine less. than 3 per ‘cent. 
of WO, are uneconomical to treat under the present demand for only the hisher- 
grade” concentrates. Even with tne-nigh-grace ores, altnoough an extraction of 
about $0 per cent is obtained in mbtlling, a part of this recovery is in the 
form of low-grede concentrate which is difficult to sell. 


Table l. .< the | Wolf | Toneue Mining Co. schedule for Boubder County | 


” crude ferverite ores 


" ~ Price paid | i _, Frice Tae 
per cee contained WO o> ore per cent contained WO~z of ore 
1 : i. O5: $ 1.00 ~- Si : $0,363 | $225.06 
2 06 2.40 || 32 368 235.00 
3 .09 5.40 55° & «374 , 246,84 
& 18 14.40 34 0379 257.72 
5 .22 22.00 © 35 «385 | 269,50 
6 045 29.40 36 
7 (27 37.80 37 
8 0270 ~ 44.00 : 38 401 304.76 
BOD gt 285 51.30 30° ~ 407 . 317.46 
LO 2295 ' 69.00 40 412. . 329.60 
1i ° 315 69, 30 41 0418 ; 342.76 
12 © 32 76.80 42 0423 355.32 
13 ° 325 84,50 3 0429 368 C4 
14 | 033° 92.40 44 2434 361.02 
15 | 330 100.50 45 © 6 44 — 356.00 
| 108.80 46 44 | 404.80 


Po . 39 280.80 
| 396 293,04 
| 
! 
| 
| 


pine ne above schedule of prices is for crude tungsten ores delivered at the 
Wolf Tongue mill, Nederland, Colo., in ton and less-than-ton lots. This 
ee cas is subject to chanze Wit:.out notice and does not apply to any 
“milled ores such as concentrates containing under 52 per cent of WO 
In lots valued at less than $50. a charge of. $3 will be made for damoling 
and assaying: otherwise, no charge will be made. 
6 A unit as gapornes to sten ores is 1 per cent of a ton of tungsten tri- 
oxide Thus a short-ton unit is 20 pounds of W03z, @ long-ton unit 
is 22, Paci of W03, and a metric-ton unit is 22,046 pounds of Oz. 
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ECs COT pyc Oss, as . © .eee 4 
WINING COSTS eat 2 


a amine labor vas paid at tie rate of $4 per, aay. of. 8. hours. in as she 

Tne costs of mining in 1°31 amounted to 517. 17 per ‘ton of ‘porked: ore rro- 
duced,,. Table © summarizes the mining costs in dollars, ;and. Table: 3..in units 
of labor, poyer, and supplies. Due to the uncertain character. of the deposits, 
mining costs are subject to considerable fluctuation from year to year. [In --. 
mining the Boulder district ferberite or 68. the. dead work is-unusually larze. in 
oroportion to the ore developed, because of the a@rratic distribution af the ore 
shoots. Under such a condition the development of a large tonnage of reserve 
ore is next’.to impossible. It is safe to say that although: the Wolf Tone 
Mining Co. vas operated in the district for over 25S years, at no time curing © 
this period has there been sufficient positive ore develoned to last more thar 
half a year. Experience has demonstrated, novever, that with sufficient 
development work and ‘WEQspecting, add: vional ore..shoots, will be found. 


- 


"In general, the cost of mining ferberite. ores in the Boulder district. is 
higher than the cest of mining deposits that’ can be syatenatically developed 
well. in advance of iining eens 

To tuose accustomed to. low mining: costs ‘the costs given in Table 2 appear 
stasis lLizh, Taree factors mast be. considered in a comparison of the min- 
ing’costs at the Cole Springs mine: “with. costs. elsewhere:. (1) The Cold Springs 
mine is a suwall-tonnuge operations, ~(2) the. “material produced at the mine is in 
reality a concentrédte made by. selective! mining. and hand sorting; and (3) a 
larger amount of dévelopuent and prometie ‘is required than in usual mining 
practice. : -_ . a? : 


Table pie - Sure: cary. of | ‘costs. 


wens be ane © Cold Se rinee | = Period: ‘covered: 8 ‘usnths of 1931. 
_. Tons of ore‘recovered: 1125, , wining method: (Cut-and-fill. aS 


Po 


Undeferound costs per ton of. sorted ore recovered 4 


Pos. ! s ' Air tilts, ms 
Saas | Labor Super- steel, end Tenet ixplo- Tin- Other “Fot a 
bg at -. | vision compressed. air sives | ber supplieg — 


Development $2,204) $1,008 $0.935 50. 738 $0,483] $0. 651} $0,252] $o.cc: 
Mining: - 1.636 .672 “622. eee +323) «432 170; 4,345 
Tramning and th | | cat 


noisting — 356 | . _ - 
General under-~ | - : | a 


ie aim 
gtround: ond sur-. 


tee eee + - ae 


t 
} 
i 
7 
i 

af 

ae 

er) Sa 


face expense | 3.84 < £4089} Bey Bee 
Compensation — = ie 8s on 
insurence | = cane S 3 | oe ae 
Total core. atte oe op l. 00D a : 


NOTE:. Direct operating costs. otily. are eeoreccntal ‘4 OF rice: ‘expeyiag, capital 
|. , expense, taxes arid. insurance, Marketing,” ‘carrying, Ceetere on F ungold con- 
4 een yrarers, and the Alike are not included... ee a a 7 


ee ie 
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Table 3.—- Sumsary of costs in units of lator, norer, end sipplies 


Name of Nine: Cold Springs. Period covered: 8 montis of 1931. 
Tons of ore recovered: 1,125. wining methods Cut-and-fill. 


Developuent _ Mining Total 


A. Labor (per ton of ore recovered): 


Ore sorting ..esceseeee wen-hours - 3.84 
HOLS UIN@ is tu ieee aes Go - 1.92 
Blacksmitning ...c.seece do 1.lo 0.77 
DYAWOAD: aise. eoweiew eae ee) ~ 0.71 
Snoveling Coveseceeroetce ao 0.93 0,61 


BrGalsing 60s oversee ees's c.0 1.83 1,24 
General eevee neeseseres do 1.83 1,24 
SUPETVISLON: 6 aces ee do 1.15 0.77 


Total ver ton of ore 
PCCOVETEO, 444244454 06% do 60.89 11.10 


average ore recovered per man-snift, total labor, tonS w..ccccccvesece 


ise Power and Suorlies (per ton of ore recovered): 
PELOSI VES. 155d 5s araceeinate senile eos b aie Seas soa eee es ws ewes LOS. 
11/8 by 8 inch sticks, 40 per cent L.F. 
gelatin aynanite. 


Timbers: -Crigbin’ .s..c40ds40s Sawsatinwieeeweseewewes, LENear tect 
4 to &@ inches in diameter, 16 feet long 


Lagging eovorv@evnesvseovoevee eves eseoeneveevnneseenonenene 8d @ do 


4 to 4 inches in diameter, 1E€ feet long 


Stulls eeeosvoee0s 0eeoeeeseeeseoeeeoeevevw7eeeonv0n0dgds eee © 6 6 do 
& to 12 inckes in dianeter, le feet long 


Sared stock eaeevoeveeeevnveeaeeveeneveeev ee eeo ee 00 @ poard feet 


Povers Total e@®eseeoeaeoeerweseoeose@esesvpeeeeeseeoeeaeseoeeeeoeesne ee @ kilowatt-hours 


Alr Compression ceccccscsces OF} usesece do 
Eoisting @eeseeoedv0e2@e802800028068086086 80 12.3 @eee251e?e do 
Pumping @eeseoeeeeeenoav@#esson0e7en8ee 80 8 18.d e@ees#e8e8 do 
Ligating and ventilation ... 1.5 sessone do 
Total @eeoaoeeweseoaoevg070280e088 G60 08 61.6 @eeeeoee0e0e8 do 


C. Proportion of total direct cost: 
Letor ®eeceeossee@evovevseavneeneneeaeeesevnecvoeueaeegpaeaeeceoaea@a@oae1 eee eeanesneoee © yer cent 


Fover and suvplies CCCCHO COOH CECE OOCHO HOE HOC EOE EEO HOO EHH EE do 


ee 
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Y—l-inch dap 


Skip compartment ; Pipe and ladder compartment 


Hole for hanging rod~>9- CO 


Figure 1.~Details of shaft timbering 
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| l-inch daps-. 
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Ore pass 


Quarter-round laggin 
“| hf spiked to cribbing : 


' All cribbing round, unpeeled, 4 to 8 inches in diameter | 
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Temporary blocking to prevent breaking the cribbing when blasting 
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Figure 2.—Timber details of 2-compartment cribbed raise 
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